Abstract. The purpose of the article is to develop scientific and methodological recommendations for modelling the dynamics of the level of capital adequacy for ensuring the financial balance of the bank, sufficient controllability and increasing the efficiency of its activities. The article explores peculiarities of banking regulation and supervision in the process of capital formation. It is shown that the issue of formation of capital by banking institutions is actualized in the context of management reform and target tasks of the development of the banking industry of Ukraine. Given the state of the banking services market and its development trends, the unsettled problem of the capitalization of banks, it becomes important to improve the mechanism of capital formation. In order to improve the efficiency of bank regulation and management of capital formation, recommendations are proposed for modelling the dynamics of the adequacy of regulatory capital on the basis of determining the forecast values of its components. Research methodology: the feasibility of using predictive models with the use of artificial neural networks is substantiated. In contrast to the classic trend, discussed in the article, the models with the architecture of the multilayer perceptron proved to be the most adequate and accurate. In addition to a point forecast of the dynamics of regulatory capital, the overall risk and the amount of the net foreign exchange position, their pessimistic and optimistic forecasts were constructed. The author's proposals are formalized by appropriate calculation algorithms. Modelling the dynamics of the adequacy of regulatory capital and its components in practice will allow more efficiently manage systemic and individual banking risks.
Introduction
Solving many of the problems facing the Ukrainian economy, namely, overcoming the socio-economic crisis, ensuring economic growth, increasing the participation of banks in the investment process, and increasing lending depends to a certain extent on the effective functioning of the banking system and the level of its stability. It is clear that at the present stage, only those banks that can quickly adapt to the trends of crisis recovery, to take precautionary measures, in advance anticipating the possible consequences of both their own risky activities and the negative impact of systemic risks will survive.
The specific structure of capital with a high share of debt burden inherent in banks objectively determines the need for capital formation in accordance with financial risks. Of course, not all risk assets can be fully covered. This is only a matter of determining the minimum adequate amount, that is, the proportion of the total risk borne by the bank owners. At the same time, each separate banking institution should have available capital sufficient to cover possible losses, support for solvency and financial independence.
From these positions, modelling the dynamics of the adequacy of regulatory capital of the bank as one of the main regulatory requirements put forward by banks on the part of the state in the person of the regulatorthe National Bank of Ukraine (hereinafter -the NBU) and taking into account the importance of the banking sector's role in the development of the financial system and national economy in general, is a topical issue of research.
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Review of the literature
The problem of the formation of bank capital due to its theoretical importance and practical significance is in the area of constant attention of scientists. The issue of the factors affecting the formation of the capital structure of banking institutions and the transformation of banking resources, ensuring a higher level of capitalization of banks and the banking system as a whole, features of the functioning of banks with foreign capital are highlighted in the work of foreign and domestic scientists: R. Gropp, 2009 , O. Ikpefan, 2012 , T. Koch, 2003 , M. Octavia, 2008 , J. Sinkey, 2002 , M. Alekseienko, 2002 , A. Vozhzhov, 2007 , Zh. Dovhan, 2008 , R. Kornyliuk, 2012 , S. Reverchuk, 2011 Given the exclusive role of administrative and indicative forms of state regulation of banking activity, of particular interest is the research in the part of the influence imposed by the regulator of prudential regulations and organization of banking supervision over the capital formation, among which are the work of the following researchers: D. Gale, 2010 , H. Greuning, 2009 , D. Hancock, 2006 , V. Kovalenko, 2013 , S. Naumenkova, 2015 , O. Khabiuk, 2008 .
The urgency and importance of issues regarding the application of mathematical methods for solving the problems of management of the formation of bank capital determined the purpose of the study.
The purpose of this paper is to develop scientific and methodological recommendations for modelling the dynamics of the level of capital adequacy for ensuring the financial balance of a banking institution, sufficient controllability and increasing the efficiency of its activities.
Statement of the main material
Despite the fact that in Ukraine, in accordance with the current legislation (Pro zatverdzhennia Instruktsii pro poriadok rehuliuvannia diialnosti bankiv v Ukraini), a system of prudential regulations of capital (minimum regulatory capital ratio -H1, regulatory capital adequacy ratio -H2, core capital adequacy ratio -H3) and additional requirements in the form of the formation of buffers of capital (capital reserve (conservation) buffer, countercyclical buffer, system importance buffer) have been established for banks, the choice as an object of modelling the indicator of regulatory capital adequacy in this the study is not accidental due to a number of reasons:
1. Currently, banks are actually calculated from the whole set of indicators, only two: the minimum regulatory capital ratio and the regulatory capital adequacy ratio. Introduction to the practice of indicative banking regulation of the core capital adequacy ratio is scheduled from 01.01.2019, and capital buffers -from 01.01.2020.
In addition, the calculation of the regulatory capital adequacy indicator based on the recommendations of the Basel Committee on Banking Supervision for regulatory purposes is a common practice in many countries.
2. H2 ratio has a certain generalizing character: when it is calculated, the actual values of the regulatory capital are used, that is, the actual value of H1 and the total amount of risk (the sum of assets and off-balance sheet liabilities of the bank, weighted by the corresponding coefficients of credit risk). In turn, regulatory capital is the basis for calculating ratios: the maximum size of credit risk per one counterparty -H7, large credit risks -H8, the maximum size of credit risk for transactions with bankrelated individuals -H9, fixed capital as a component of the regulatory capital -to calculate H3. Capital buffers are determined as a percentage of the total risk.
3. Although compliance with the regulatory capital adequacy ratio is not a complete guarantee of the timeliness and completeness of settlement of obligations, for depositors and creditors, the value of this indicator is rather informative, since the larger its size, the lower the share of risk they assume. The actual values of the H2 ratio indicate the bank's ability to withstand crisis situations to some extent.
Proceeding from the theory of fiduciary duties, the growth of capital adequacy to potential risks can be considered as a signal that positively affects the level of trust in the bank.
4. The H2 ratio has a significant impact on capital decision-making. First, as well as any economic ratios and requirements set by the NBU, this ratio is mandatory. Second, the bank is forbidden to pay dividends or to distribute capital in any form, if this leads to a breach of the regulatory capital adequacy ratio. Thirdly, the possibility of expanding the activities of a banking institution is limited to the actual value of this indicator (the higher the value of the ratio of H2, the greater margin for expansion of banking activity).
5. The banks' compliance with the regulatory capital adequacy ratio, among other things, allows, provided that the financial and credit institution is unable to restore its solvency, ensuring an acceptable level of bank failures, increasing the stability of the functioning of the banking system.
In the generalized form, the procedure for calculating the regulatory capital adequacy ratio is as follows (1):
where РК -bank's regulatory capital; А р -assets and certain off-balance-sheet instruments, reduced by the amount of established reserves for active operations, by the amount of collateral for an unconditional obligation or cash in the form of a pledge of property rights, by the amount to an estimate, by the amount of non-issued bonds of an internal government loan and weighted by the appropriate credit risk factor depending on the risk group to which the asset belongs; Vol. 4, No. 1, 2018 С вп -the aggregate amount of the bank's net foreign exchange position for all foreign currencies and bank metals.
Modelling the dynamics or predicting the adequacy of the regulatory capital of a banking institution is a complex and labour-intensive process that involves forecasting key performance indicators of the bank, namely, regulatory capital (РК), risk-weighted assets (А р ), amount of net foreign exchange position (С вп ), and includes: time series analysis to identify its main components, such as trend, seasonality (cyclicity), residual (random) component. In order to improve the quality and reliability of the forecast, it is expedient to use not one model, but several, and compare them among themselves, estimating the forecast errors for each model. In this study, the trend models (linear and third-order hyperbolic) and the neural network (model of multilayer perceptron), in which neurons make the transformation of the input signals into output by the ratio (2) are used to predict the change in the adequacy of the regulatory capital of the bank (A. Matviichuk, 2011) . The expediency of choosing these models was due to a rather high value of the indicator of the determination coefficient (R 2 >0,8). Based on indicators of informational suitability and assessment of the accuracy of the proposed models, the best of the models was identified.
where y -output signal of a neuron; n -number of inputs of this neuron; 
where y t -the actual value of the time series;
y t ∧ -model values constructed according to the estimated parameters; y -selective mean value. Table 1 summarizes the values of the determination coefficient for the above models, which describe the dynamics of the indicator of regulatory capital of the bank. Thus, each of the proposed models describes the output time series at an adequate level ( R 2 > 0,8). The most appropriate model among the considered is the model of multilayer perceptron, the determination coefficient of which is 91.1%. . 4, No. 1, 2018 In addition to assessing the informational suitability of models, it is expedient to evaluate their accuracy. In the statistical analysis of time series, there is a sufficiently wide list of characteristics of the accuracy of models. In order to avoid contradictions in the conclusions that may arise due to the use of a number of indicators, for the evaluation of the accuracy of the proposed models, one indicator should be used throughout the analysis process, namely, we will use the average approximation error -A (3). The lower the value obtained for this indicator, the higher the accuracy of the model. It should be noted that at A < 5% the accuracy of the model is considered high (O. Cherniak, P. Zakharchenko, 2011). 
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where n -number of units in the aggregate; e t -residual sum of squares. Table 2 presents the estimated values of average approximation error for each of the three models. Thus, the model of a multilayer perceptron, the average error of approximation of which was 3.6%, was the best by the criterion of accuracy. Table 3 shows the forecasted values of the regulatory capital of the bank (point forecast) with a depth of nine periods (quarter). Fig. 3 graphically depicts changes in the regulatory capital of the bank, that is, the output time series, taking into account the projected values.
Equally important is the calculation of the confidence interval (interval forecast), which defines the limit values of the level of a series with a given confidence probability α . Fig. 4 shows the point and interval forecasts of the value of regulatory capital, constructed using a multilayer perceptron. Thus, we obtained an adequate model that characterizes the dynamics of the bank's regulatory capital, with the help of which the point and interval forecasts (interval width ± 10.1%) of changes in its values with the depth of the forecast in 9 periods or a quarter are calculated, which makes it possible to estimate the level of coverage of negative effects of the various risks that banks assume in the course of their activities.
To obtain the projected value of the regulatory capital adequacy ratio H2 (1), similarly, it is necessary to calculate the forecasted values for the forthcoming quarter for risk-weighted assets (А р ) and the aggregate amount of the net foreign exchange position (С вп ) for all foreign currencies and banking metals. Fig. 5 shows the dynamics of the А р indicator, the model characteristics of the linear and polynomial trend models, and the risk-weighted assets' changes described by the multilayer perceptron model.
The combined data of the values of the determination coefficient and the average approximation error of individual models of the overall risk dynamics (А р ) of the bank are presented in Table 4 . Vol. 4, No. 1, 2018 The most adequate model that characterizes the dynamics of А р is the model of a multilayer perceptron with a determination coefficient of 99% and average approximation error of 1.18%. Table 5 presents the forecast values (point forecast) of risk-weighted assets (А р ) with a depth of 9 periods, obtained on the basis of the above models. Construction with a sufficient level of adequacy and accuracy of the dynamics model of risk-weighted assets (overall risk) of the bank based on the neural network allowed calculating the point and interval forecasts (interval width ± 15.4%) - Fig. 7 . The next step in determining the forecast value of the H2 ratio is to forecast the aggregate amount of the bank's net foreign exchange position on all foreign currencies and banking metals (С вп ), the dynamics and model characteristics of which are presented in Fig. 8 . Indicators of information and prognostic suitability of the proposed models for С вп are presented in Table 6 .
As can be seen from Table 6 , the model of a multilayer perceptron is also the best model by information and prognostic suitability parameters. Vol. 4, No. 1, 2018 Table 7 represents the forecast value (point forecast) of the net foreign exchange position (С вп ) amount with a depth of 9 periods, calculated using the above three models. Using artificial neural network, which characterizes the dynamics of the total amount of the bank's net foreign exchange position, point and interval forecasts were calculated (interval width ± 2.6%) - Fig. 10 .
By carrying out modelling of three main components of the regulatory capital adequacy indicator, it is possible to obtain its forecast data in accordance with formula (1). Fig. 11 shows the dynamics of the change of H2 taking into account the forecasted values of regulatory capital, risk-weighted assets, and the amount of the bank's net foreign exchange position.
As can be seen from Fig. 11 , the forecast of the dynamics of regulatory capital adequacy indicates a rather high overall risk of the banking institution and a small potential for increasing the volume of operations, given the increasing requirements of the NBU (gradual increase in the minimum size of regulatory capital to 500 million UAH from 11 July 2024, introduction the core capital adequacy ratio (H3 ≥ 7%) from 1 January 2019, capital reserve (conservation) buffer from 0.625% from 1 January 2020 to 2.5% from 1 January 2023, countercyclical buffer from 1 January 2020 in the range of 0 to 2.5% depending on the lending activity of the bank and taking into account credit risks). Unfortunately, the problem of insufficient capitalization is widespread for a large number of functioning banks in Ukraine. In order to solve it, in our opinion, it is necessary to attract additional equity capital, to develop plans to increase the capitalization of banks with the use of additional sources, to implement cost optimization measures, to introduce advanced risk management approaches, to stimulate banks to reinvest Vol. 4, No. 1, 2018 profits through changes in taxation (introduction of differentiated rates of income tax that is consumed and capitalized), to further adapt the national banking standards to international requirements, ensuring transparency of capital formation, protection of investors and so on.
Conclusions
In the course of the research, a number of varied econometric models were developed for the dynamics of the adequacy indicator of the regulatory capital of the bank and its components: regulatory capital, total risk level (risk-weighted assets), and the amount of the bank's net foreign exchange position.
Based on the analysis, an adequate model has been substantiated and obtained that allows forecasting the value of H2. It was a neural model built with the help of a multilayer perceptron.
The importance of determining the dynamics of regulatory capital adequacy is conditioned as by the bank's internal needs associated with improving the risk management efficiency, making decisions on the formation of capital and its use, so by the needs of the regulator in the context of ensuring the reliability of the functioning of the banking system. In addition, the use of the proposed recommendations has prospects for choosing the regime of prudential regulation of banks, a reasonable determination of the size of capital buffers, including systemically important banks.
